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ABSTRACT 

This report reviews forecasts of the return of sockeye salmon to Bristol Bay, 
Alaska in 1984 made by the Alaska Department of Fish and Game ( A D F & G )  , Japan, 
and the Fisheries Research Inst i tute  a t  the University of Washington. Indivi- 
dual ADF&G r iver system forecasts by age class are discussed in de ta i l ,  and 
issues involving forecast r e l i ab i l i t y  and consistency are addressed. 

K E Y  WORDS: salmon forecasting methods, salmon population modeling, Bristol Bay 
sockeye salmon 



INTRODUCTION 

This report i s  a synthesis of several independent forecasts of the returns of 
sockeye salmon t o  Bristol Bay in 1984, together with confidence intervals,  
relative accuracy, and a crit ique of each forecast method. The forecast methods 
considered are:  1 ) the standard forecast made by the Bristol Bay research s t a f f ,  
Alaska Department of Fish and Game (ADF&G); 2 )  a forecast based on the Bristol 
Bay return of sibling age classes in  1983; 3) a forecast based on the arithmetic 
mean catch per e f for t  from variable-mesh g i l lne t  sampling by Japanese research 
vessels south of the Aleutian Islands; 4 )  a forecast based on the qeometric mean 
catch per e f for t  from variable-mesh g i l l  net sampling by Japanese south of the 
Aleutian Islands; 5)  a forecast based on a relation between estimated total  
Bristol Bay parent escapement, mean June a i r  temperature a t  Cold Bay during the 
two years prior t o  year of return and total  Bristol Bay return; and 6 )  a forecast 
based on a relationship between the mean a i r  temperature in 5 above and the mean 
length of 2-ocean immature sockeye salmon caught in the Japanese g i l l  net sampling 
south of the Aleutians. Throughout this  paper the Gilbert-Rich method of age 
designation for  salmon i s  used. The f i r s t  d ig i t  i s  the total age; the second, 
subscripted d ig i t  i s  the number of years spent in fresh water. 

METHODS 

S ta~dard  ADF&G Forecast 

The ADF&G forecast attempts t o  forecast by river system and major age class (4,, 
5,, 5,, 623) within river system based on a variety of techniques. The f i r s t  
method assumes a return per spawner based on ei ther  an escapement-return relation- 
ship specific to an individual river system, or by analysis of recent observed 
return per spawner for  the particular river system. The predicted returns from 
the parent escapement (1978, 1979, and 1980 brood years) based on the assumed 
return per spawner (RIS)  are partitioned into the component age classes by the 
historical mean or peak-year mean proportion of the particular age class returning. 
This method i s  hereafter referred t o  as forecasting b y  return per spawner (R /S ) .  
The second method is  based on the return of younLer sibling age classes from the 
same brood year. Two techniques are used: The f i r s t  uses a l inear reqression 
model of the forthcoming return of the older sibling age class based on the return 
of the younger sibling age class the year before, f i t  t o  historical data. In the 
second technique, the return of the younger siblinq age class i s  multiplied by 
the ra t io  of the return of the older sibling age class t o  t$e return of the younger 
sibling age class. These techniques are hereafter referred t o  as the method of 
forecasting by the return of sib1 inq age classes. The third method i s  based on 
smolt studies. These studies are available only for  the Kvichak and Wood River 
systems. There are three techniques used: The f i r s t  mu1 tip1 ies the estimated 
number of smolts leaving the river system by the mean proportion surviving to  
return as adults. For 4, and 5, in the Kvichak the proportion surviving increases 
with mean June a i r  temperature a t  Port Heiden during the year of smol t outmi gration 
(Yuen 1979). The proportion surviving for these age classes i s  appropriately 
adjusted for  year-to-year variation in temperature. The second techniaue of fore- 
casting based on smolt studies i s  the product of the numbers of outmigrating 
smolts, the average marine survival and the average ocean age proportion. I n  



the Wood River system the ocean age proportion i s  very close to the ocean age 
proportion of the parent escapement of the smolt outmigration and i s  used as 
the estimate of the ocean age proportion of the returning adults from the popu- 
lation of smol t outmigrating. 

The third technique of forecasting based on smolt data i s  the product of the 
fresh water age composition of the smolt outmigration observed from the brood 
year of in te res t ,  the expected return from the brood year based on R/S, and the 
mean ocean age proportion. These techniques will be hereafter referred t o  as 
the method of forecasting based on  smolt data. 

Several methods are then available for forecasting returns for each river system 
and age class within river systems. The resul ts  of each of the major methods 
( i  . e . ,  forecasting by R/S, return of sibling age classes,  and smolt da ta) ,  i f  
available, are simply averaged and therefore weighted equally. If more than one 
estimate i s  available within a major method, those are averaged t o  give one resul t  
for  the major method. I n  some cases a resul t  for a major method i s  excluded in 
the final averaging process. The reationale for those exclusions i s  detailed in 
a separate section of this  report. 

Forecast Based on Ja~anese  Hiah Seas Sam~lina 

The Japanese have been sampling a series of stations south of the Aleutian Islands 
during the summer months June through early August with variable mesh g i l l  nets 
since 1972, (Takagi and I t o  1980). These catch data may be used t o  estimate 
relationships between mean catch per unit e f for t  ( C P U E )  of 1-ocean immature and 
2-ocean immature, and the subsequent return of 2-ocean mature and 3-ocean mature 
sockeye salmon to Bristol Bay the following year, respectively. Two methods for  
analysis of the catch data have been used. The f i r s t  method uses the arithmetic 
mean of the catch per unit effor t  among sampling stations and the second method 
uses the geometric mean C P U E  among samplina s tat ions.  The ar i  t h ~ e t i c  mean was 
used in the ADF&G analysis of and forecast based on the Japanese data (Yuen 1982) 
and the geometric mean was used the University of Washington Fisheries Research 
Inst i tute  ( F R I )  analysis of and forecast based on the Jaoanese data (Rogers 1982). 

Forecast Based on an Escapement-Temperature Model 

The following empirical model relating observed return t o  estimated parent 
escapement and mean June a i r  temperature a t  Cold Bay during the period of ocean 
residence of the returning f i sh  was used to  forecast total  Bristol Bay return. 

where R~ i s  the return in year i ,  E~ i s  the estimated parent escapement of the 
return in year i ,  T~ i s  the mean of the two mean June a i r  temperatures a t  Cold 
Bay during year i-1 and i-2,  and A ,  ~ 1 ,  B~ are constants determined by 1 east- 
squares f i t  t o  past data. The parent escapement fo r  return in year i was e s t i -  
mated by summing the escapements in year i - 6 ,  i -5,  i-4 multiplied by the mean 
proportion (taken over the years 1965-1982) of the return that were 6, 5, and 4- 
year-old f i sh ,  respectively. These proportions are remarkably consistent from 
year t o  year except for peak years which tend t o  have more 5-year-old f ish return- 
i  ng . 



Forecast Based on a Temperature-Length Model 

The following empirical model relating observed returns to mean June a i r  tempera- 
ture a t  Cold Bay during the period of ocean residence of the returning fish and 
the mean length of 2-ocean immatures caught in tbe Japanese high seas g i l l  net 
sampling was used to forecast total  Bri st01 Bay return. 

where R~ i s  returns in year i ,  ~i i s  the mean of the two mean June a i r  temperatures 
a t  Cold Bay during year i-1 and i-2,  ~i i s  mean 1 ength of 2-ocean immatures caught 
in the Japanese high seas g i l l  net sampling during year i-1 and A ,  BI, BZ are con- 
s tants  determined by least-squares methods. 

Forecast Based on Return from Sibling Age Classes the Previous Year 

The method of forecasting based on return from sibling age classes,  described in 
the methods section describing the standard ADF&G forecast was used t o  forecast 
return in 1984. The past returns from the various Bristol Bay river systems were 
pooled. Simple l inear  regression models relating the returns of 42 to the returns 
of 3, the previous year, the returns of 5, to  the returns of 4, the previous year, 
the returns of 5, t o  the returns of 4, the previous year, and the return of 6 ,  t o  
the returns of 5, the previous year were f i t  to the pooled Bristol Bay return data. 

Confidence Limits 

Confidence l imits and the standard deviation were estimated for each of the major 
forecasting methods by analysis of the performance of each of the methods in fore- 
casting past returns t o  Bristol Bay. A simple l inear regression model relating 
observed t o  forecast returns was f i t  t o  past data (Table 1 ) .  Confidence intervals 
around the regression l ine were estimated by standard techniques (Sokol and Rohlf 
1969). 

RESULTS OF THE ADF&G FORECAST 

Presented below i s  a narrative of the resul ts  of the various ADF&G forecasting 
techniques (Table 2 )  used t o  generate specific forecasts for individual r iver  
systems and age classes within river systems. Presented for each of the major 
river systems (Kvichak, Naknek, Egegik, Ugashik, Wood, Igushik, Nuyakuk, and 
Togiak) are the detai 1s of how the forecasts were made, and how, in situations 
where more than one forecast was available,  the several forecasts were averaged 
or excluded to give the final value. Areas of concern are identified by incon- 
sistencies in resul t s  of  a1 ternative forecasting techniques. These issues are 
presented by river system and by age class within river system. Summaries of 
forecasts made by return per spawner are gjven in Table 3; forecasts of the returns 
based on return of sibling age classes in 1983 ( i  . e . ,  using the return of sibling 
age class forecasting method) are given in Table 4; and forecasts based on smolt 
data are given in Tables 5 and 6.  



Table 1 .  Comparisons of various forecas t  methods, Bristol Bay, 1961-1983. 

Temperature 
Length Bay Wide 

Japanese Sampl i n g l  Escapement of 2-Ocean Return from 
Arithmetic Geometric Temperature Immature Sib1 ina 

Year ADF&G1 Mean 
2 

Mean Model Mode 1 * Classes2 Inshore Total 

Forecast i s  inshore re turn .  

2 Forecast i s  to ta l  re turn ,  incl uding estimated Japanese catch 



Tab le  2. F o r e c a s t  ( thousands o f  f i s h )  of t h e  1983 B r i s t o l  Bay sockeye salmon run,  
based on s t a n d a r d  ADF&G methods. 

Age Class  (Brood Year)  Age Class  (Brood Year)  
D i s t r i c t l S y s t e m  4 42 (1980) 53 (1979) 52 (1979) 63 (1978) T o t a l  

Naknek/Kvichak D i s t r i c t  

Kv ichak R i v e r  6,041 7,314 2,982 367 16,704 
Branch R i v e r  209 99 161 5 3 522 
Naknek R i v e r  595 895 2,549 1,090 5,129 

T o t a l  6,845 8,308 5,692 1,510 22,355 

Egegi k D i  s t r i c t  354 1,917 973 2,844 6,088 

Ugashik D i s t r i c t  394 1,476 1,177 249 3,296 

Nushagak Di  s t r i c t  

Wood R i v e r  1,353 48 1 2,492 258 4,584 
I g u s h i  k R i v e r  347 1 84 856 5 2 1,439 
Nuyakuk R i v e r  563 8 1 1,999 42 2,685 
Nushagak-MLI~ chatna 872 5 141 27 260 
Snake R i v e r  2 3 2 4 1 30 

Tog iak  D i s t r i c t  203 6 7 454 5 5 779 

T o t a l  B r i s t o l  Bay1 10,169 12,521 13,788 5,038 41 ,514 

Sockeye salmon o f  s e v e r a l  m i n o r  age c l a s s e s  wou ld  be expected t o  c o n t r i b u t e  an 
a d d i t i o n a l  1 t o  2% t o  t h e  t o t a l  r e t u r n .  

I n c l u d e s  41 age c l a s s .  



Table 3 .  Summary of f o r e c a s t s  made by r e t u r n  per  spawner,  B r i s t o l  Bay, Alaska.  

Age Paren t  
Sys tern Class  Escapement 

Kvichak 4 2 17.5001 
5 3 11.218 
5 2 11.218 
6 3 4.149 

Naknek 4 2 2.645 
5 3 0.925 
5 2 0.925 
6 3 0.813 

Egegi k 42 1.061 
5 3 1.032 
5 2 1 .032 
63 0.896 

Ugashi k 4 2 3.321 
5, 1.701 

Wood 4 2 2.969 
5 3 1 .706 
5 2 1 .706 
63 2.267 

Igushi k 4 2 1 .988 
5 3 0.860 
5 2 0.860 
6 3 0.536 

Nuya ku k 4, 3.027 
5 3 0.360 
5 2 0.360 
6 3 0.577 

Togi ak 4 2 0.462 
5 3 0.171 
5 2 0.171 
6 3 0.274 

Assumed 
Assumed Propor t ion  of 

Return Respect ive  Age P r e d i c t e d  
per  Spawner Class  i n  Return Return 

1 .65  .2214 6.393 
1 .  702 .5536 10.546 
1 .  702 . l o 3 8  1 .977 
1 .053 . l o 6 0  0.461 

P a r e n t  escapement,  1980, reduced by 5 mil 1 ion due t o  v e l o c i t y  b a r r i e r  t o  
u p s t r e m  migra t ion  caused by high r u n o f f .  

R/S based on r e t u r q s  t o  d a t e  d iv ided  by 1 - t h e  long term propor t ion  of 4,, 
5,, 5,,  i n  r e t u r n .  

R/S based on r e t u r n s  t o  d a t a  d i v i d e d  by 1 - t h e  long term p r o p o r t i o n  of 6, ,  
i n  r e t u r n .  



Table 4. Summary o f  B r i s t o l  Bay sockeye r e t u r n  f o recas t s  based on r e t u r n s  o f  
s i b l i n g  age c lasses i n  1983. 

4, on 3, 

Cor re l  a t i o n  #3, i n  Forecast  o f  
Sys tem C o e f f i c i e n t  1983 Rank 42 i n  1984 

Kvi  chak 
Naknek 
Egegi k  
Ugashi k  
Wood 
Igush i  k  
Nuyakuk 
Togiak 
Baywide 

5, on 4, 

C o r r e l a t i o n  #4, i n  Forecast  o f  
Sys tem C o e f f i c i e n t  1983 Ran k1 5, i n  1984 

Kvichak .881 74,451 4 8,162,000 
Na knek .403 3,917 12 724,000 
Egegi k  .451 6,993 4 1,545,000 
Ugashi k .457 7,676 4 506,000 
Wood N/A 
Igush i  k  \ / A  
Nuya ku k  !/A 
Togiak N/A 
Baywi de .728 93,037 7 10,425 

- 

5, on 4, 

C o r r e l a t i o n  #4, i n  Forecast  o f  
Sy s tern C o e f f i c i e n t  1983 Rank1 5 2  i n  1984 

Kvichak .8806 1 7,631 ,000 1 5,049,000 
Na knek .575 2,346,000 0 4,013,000 
Egegi k  .953 706,000 2 1,077,000 
Ugash i k  ,645 2,795,000 1  1,273,000 
Wood .497 2,801,000 1  1,560,000 
Igush i  k .873 318,000 4 873,000 
Nuya ku k  .911 378,000 1 2,642,000 
Togi ak .723 251,000 1  493,000 
Baywi de .728 27,488,000 1 15,472,000 



Table  4. Summary of B r i s t o l  Bay sockeye r e t u r n  f o r e c a s t s  based on r e t u r n s  o f  
s i b 1  i n g  age c lasses  i n  1983 ( c o n t i n u e d ) .  

63 on 5, 

C o r r e l a t i o n  #5, i n  Forecas t  o f  
Sys tern C o e f f i c i e n t  1983 Rank1 63 - i n  1984 

Kvichak .779 1,203,000 17 248,000 
Naknek .499 1,023,000 6 803,000 
Egegi k .661 5,623,000 0 2,259,000 
Ugashi k .860 756,000 3 209,000 
Wood .313 561,000 1 157,000 
I g u s h i  k .383 64,000 11 58,000 
Nuyakuk .683 11 3,000 11 26,000 
Togiak .594 53,000 8 37,000 
Bayw i de .806 9,416,426 6 1,448,000 

-. -- 
I Rank i s  t h e  number o f  years  s i n c e  1956 t h a t  have had a h i g h e r  number o f  f i s 4 i  

r e t u r n i n g .  



Table  5.  Summary of B r i s t o l  Bay sockeye r e t u r n  f o r e c a s t s  based on smol t  s t u d i e s .  

Assumed Assumed Assumed 
Age # Smol t P r o p o r t i  on F o r e c a s t  Marine Ocean Age F o r e c a s t  

System Class  (Mil 1  i o n s )  Returning (Mil 1 i o n s )  Surv iva l  P ropor t ion  (Mi 11 i o n s )  

Kvichak 4, 1 22.928 .069 8.507 .081 ,779 7.728 

Wood 



Table 6 .  Summary of Bristol Bay sockeye return forecasts made based on a com- 
bination of smolt studies and return per spawner. 

Assumed Proporti on 
Return Respective 

from Parent Freshwater Respective 
Age Escapement Age in Ocean Age Forecast 

Sys tern Class (Mi 1 1  ions) Resulting Smol t Proportion ( M i  11 ions) 

Kvichak 4 2 N / A  

Wood 



Kvichak 

Ana l ys i s  o f  h i s t o r i c a l  r e t u r n  per  spawner has shown no c o n s i s t e n t  t r e n d  i n  R / S .  
Consequently, r e t u r n s  per  spawner based on a  R icker  escapement-return r e l a t i o n -  
s h i p  f i t  t o  a l  1  years  o f  da ta  a v a i l a b l e  ( i  .e., s i nce  the 1956 brood yea r )  were 
used. The 1980 pa ren t  escapement enumerated a t  t h e  Kvichak tower was reduced by 
5  m i l l i o n  t o  account f o r  documented (Poe and Mathisen 1980) m o r t a l i t y  o f  a d u l t  
sockeye p r i o r  t o  spawning due t o  a  v e l o c i t y  b a r r i e r  t o  upstream m i g r a t i o n  on 
t h e  Newhalen R i v e r  due t o  h i g h  f l ows .  

There were l a r g e  d i s p a r i t i e s  between t h e  f o r e c a s t  based on s i b l i n g  r eg ress i on  
(Tab le  4 ) ,  and those based on R/S and smo l t  data  (Tables 5  and 6 ) .  The r e t u r n  
o f  3,s (2,325) was mediocre i n  1983. The f o r e c a s t  based on t he  r e t u r n  o f  3, 
j acks  was 3.6 m i l l i o n .  The f o recas t  based on R/S was 6.4 m i l l i o n .  The average 
o f  t h e  two a v a i l a b l e  smo l t  fo recas ts  was 8.1 m i l l i o n .  These 3  f o r e c a s t s  were 
averaged g i v i n g  a  f i n a l  f i g u r e  of 6.0 m i l l i o n .  

The f o r e c a s t  based on R/S was 10.6 m i l l i o n .  Th is  f o recas t  was n o t  used because 
o f  u n c e r t a i n t y  r ega rd i ng  t h e  R/S  f o r  t h e  1979 brood year .  Returns t o  da te  f rom 
t h e  1979 pa ren t  escapement of 11.2 m i l l i o n  a re  approx imate ly  92% o f  t h e  t o t a l  
r e t u r n  p r o j e c t e d  based on t h e  escapement-return curve. I n  a d d i t i o n  t o  t h i s ,  t h e  
h i g h  r e t u r n  (17.6 m i l l  i o n )  o f  4,s i s  ve r y  unusual f o r  t h e  Kvichak. Use o f  t h e  
average age composi t ion of r e t u r n s  from brood year  escapement w i l l  p robab ly  n o t  
be i n d i c a t i v e  o f  t he  age composi t ion e v e n t u a l l y  observed f o r  t h e  1979 brood year  
r e t u r n .  The f i n a l  f o r e c a s t  o f  7.3 m i l l i o n  was an average o f  t he  8.2 m i l l i o n  
f o r e c a s t  based on t he  moderate r e t u r n  o f  4, j acks ,  and t h e  6.5 m i l l i o n  f o r e c a s t  
based on smo l t  s t ud ies .  

For t h e  same reasons d iscussed i n  t he  5, f o recas t  above, t h e  f o r e c a s t  based on 
R/S was n o t  cons idered i n  the  f i n a l  5, f o recas t .  The f o r e c a s t  (5.0 m i l l i o n )  
based on t he  v e r y  l a r g e  r e t u r n  o f  4,s i n  1983 was averaged w i t h  t h e  f o r e c a s t  
based on smol t  da ta  (3.0 m i l l i o n )  g i v i n g  a  f i n a l  f o r e c a s t  o f  4.0 m i l l i o n .  

The f i n a l  f i g u r e  of 0.37 m i l l  i o n  was an average o f  t h e  f o r e c a s t s  based on R/S 
(0.40 m i l l i o n ) ,  r e t u r n  of 5,s i n  1983 (0.25 m i l l i o n ) ,  and smol t  da ta  (0.39 
m i l l i o n ) .  

Kvichak Synopsis. The Department o f  F i s h  and Game has been unable t o  f o r e c a s t  
t h e  r e t u r n s  t o  t h e  Kvichak a c c u r a t e l y  i n  r e c e n t  years .  Returns t o  t h e  Kvichak 
were cons iderab ly  below f o recas t  i n  1981 and 1982, w h i l e  cons iderab ly  above 
f o r e c a s t  i n  1983. The a b i l i t y  t o  f o r e c a s t  accu ra te l y  t he  r e t u r n s  o f  sockeye 
t o  t he  Kvichak depends on t he  a b i l i t y  t o  p r e d i c t  peak years  and non-peak years .  
I n  t h e  pas t  bo th  R/S and age composi t ion va r y  g r e a t l y  among peak and non-peak 
brood years .  I n  t h e  past ,  r e t u r n s  f rom peak yea r  escapements have shown h i g h e r  



return per spawner and a much higher proportion of 5,s than non-peak years. 
Although 1983 was thought t o  be the t rad i t iona l  low year in the Kvichak cycle, 
more than 20 mill ion sockeye returned t o  the Kvichak. I t  i s  useful t o  consider 
the evolution of long-term forecas ts  as relevant  data emerges with recent smol t 
s tudies  and returns.  More recent information suggests tha t  the cycle i s  chang- 
ing with the peak year 1 ikely t o  be 1984 with a poss ib i l i ty  t ha t  i t  was 1983 
ra ther  than 1985. 

There a r e  two techniques currently available f o r  making long term projections 
of returns t o  the Kvichak River. The f i r s t  allows a 4-year-ahead forecas t  based 
on the method of R/S (Table 7 ) .  The second allows a 2-year-ahead forecas t  based 
on the smolt data (Table 8 ) .  The e a r l i e s t  t ha t  a forecas t  could be made f o r  the 
period 1983-1985 based on the method of R/S would be following the return of adu l t  
sockeye in 1981. The e a r l i e s t  tha t  a forecas t  could be made f o r  the period 1983- 
1985 based on smol t data would be following the enumeration of the 1983 smol t 
outmigration. Below a r e  presented four d i f fe ren t  forecas ts  f o r  the returns t o  
the  Kvichak, 1983-1985. The f i r s t  (henceforth cal led Method 1 ) makes use of the 
oldes t  information, and assumes peak year charac te r i s t i c s  ( i  . e . ,  the proportion 
of 4,, 5,, 5,, and 6, in the returns being 0.20, 0.67, 0.04, 0.05, respectively;  
and projected returns based on a Ricker escapement-return curve f i t  through past 
peak year re turns)  f o r  the 1980 brood year and non-peak year charac te r i s t i c s  ( i . e . ,  
the proportions of 4,, 5,, 5,, and 6-3 in the re turns  being 0.23, 0.51, 0.12, and 
0.12, respectively;  and the projected re turns  based on a Ricker escapement-return 
curve f i t  through the  past non-peak year re turns)  f o r  1977, 1978, 1979, and 1981. 
The long-term forecas t  based on assumptions in Method 1 shows a c lea r  peak year 
return fo r  1985 (Table 9 ) .  However, returns in 1983 were four times tha t  fore- 
cas t  based on  Method 1 .  This was due in par t  to  a much greater  return per spawner 
from the 1979 brood year than tha t  forecas t  based on non-peak return per spawner. 

If one assumes peak year charac te r i s t i c s  f o r  the 1979 as well as the 1980 brood 
years (Method 2)  then the  forecas t  shows that  comparably large returns occur i n  
both 1984 and 1985. B u t  the forecas t  1983 return based on assumptions in Method 
2 i s  l e s s  than half the actual return in  1983. The assumed 3-year freshwater age 
component of the returns in both Method 1 and Method 2 forecas ts  was much greater  
than observed in the smol t outmigrations fo r  both the 1979 and 1980 broods. 
Method 3 a l loca tes  the freshwater age of the returns based on the method of R/S 
assuming peak year production f o r  both the 1979 and 1980 broods using the fresh- 
water age composition of the respective smolts produced. The ~ro . i ec ted  returns 
based on Method 3 show a c l ea r  peak in 1984 with comparable returns f o r  1983 and 
1985. 

The l a s t  method (Method 4)  f o r  forecast ing returns in 1983-1985 projects  returns 
from the estimated smol t s  produced from the 1977-1 981 brood year escapements. 
The method assumes that  the marine survival f o r  the one-check and two-check smolts 
i s  0.0807 and 0.108, respectively.  The ocean-age proportion of the smolts pro- 
duced from the 1979 and 1980 brood year escapements r e f l e c t s  tha t  of past peak 
years while the ocean-age proportion of the smolts produced from other relevant  
brood-year escapements ref 1 e c t s  those of past non-peak years. The forecas t  based 
on assumptions of Method 4 shows a peak year in 1984 with a s l i gh t l y  smaller 1983 
re turn ,  and a re la t ive ly  weak 1985 return (Table 9 ) .  The observed 1983 return 
was larger  than the forecasted return based on Method 4 and even larger  than the 
peak return based on Method 4. 



Table 7. I n f o r m a t i o n  used f o r  a  4-year-ahead f o recas t  based on R/S methods 
f o r  t he  Kvichak R i ve r .  

P ro j ec ted  Return bv . . 
Escapement ~ ~ e - ~ l a s s  ( ~ h o u s a h s )  

Brood (Thousands) To ta l  4 2  5 3  

Year Cycle Year1 S  R/S Return 
5 2 6 3  

C i n d i c a t e s  peak year  a t t r i b u t e s  were assumed. 

M i n d i c a t e s  non-peak yea r  a t t r i b u t e s  were assumed. 



Table 8. Information used fo r  2-year-ahead forecas t  based on smolt data f o r  
the Kvichak River. 

Projected Return by 
# Age I # Age I1 Age Class (Thousands) 

Brood Smol t s  Smol t s  4 2 5 3 5, 6 3  
Year (Thousands) % (Thousands) % 



Table 9. Available long tern1 forecasts  f o r  Kvichak River ( re tu rns  a re  in thou- 
sands of f i sh  ) .  

Forecast Return 

Forecast Method Year 4 2 5 3 5 2 6 3 Total 

R/S assuming peak year 1983 995 2,638 647 296 4,576 
charac te r i s t i c s  f o r  1980 1984 7,647 2,198 535 607 10,987 
brood year ,  and non-peak 1985 724 25,770 1,682 500 28,676 
charac te r i s t i c s  f o r  1977, 1986 506 1,600 390 1,759 4,255 
1978, 1979, 1981, 1982 
brood years. 

R/S assuming peak year 1983 6,305 2,638 643 297 9,883 
charac te r i s t i c s  f o r  1980, 1984 7,647 21,249 1,387 607 30,890 
1979, brood years and non- 1985 724 25,770 1,682 1,450 29,629 
peak charac te r i s t i c s  for  1986 506 1,600 390 1,759 4,255 
1977, 1978, 1981, 1982 
brood years. 

R / S b u t u s i n g r e l a t i v e f r e s h -  1983 18,406 1,126 433 171 20,136 
water ages in smol t s  produced 1984 19,281 9,148 2,653 144 31,226 
from brood year t o  a l loca te  1985 11,000 14,135 2,780 1,319 119,234 
projected returns t o  fresh- 
water age using peak year 
charac te r i s t i c s  f o r  1979 and 
1980 brood years and non-peak 
charac te r i s t i c s  f o r  other years. 

Using smolt data 



Additional data i s  now available to  evaluate the long term forecast based on 
smolt data. Firs t ly ,  there was a weak return of 3, jacks in 1983 and a moder- 
a te  return of 4, jacks. The forecast of 4, in 1984 based on return of 3, in 
1983 i s  lower than the smol t forecast,  while the forecast of 5,s based on 
return of 4,s i s  comparable t o  the smolt forecast. Secondly, the forecast 
based on the Japanese high seas g i l l  net sampling indicates a relatively weak 
return to Bristol Bay in 1984. The data indicates an extremely weak return of 
2-ocean f ish bay-wide, with 4,s being only 25% of the 2-ocean return. Dr. 
Donald E .  Rogers, Fisheries Research Insitute (personal communication) has 
analysed the distribution of Japanese sampling ef for t  relative to  past years 
and feels  that the Japanese were south of the traditional sampling area. The 
distribution of sam~lir 'g e f for t  would tend to  under-represent the l-ocean 
immatures based on past. spatial distribution of l-ocean imrnatures in the Adak 
purse seine sampling conducted by FRI. Nevertheless, Rogers feels that  the 
3-ocean return forcast based on the Japanese high seas sampling i s  accurate. 
The low forecast based on the Japanese sampling i s  cause for concern. I f  the 
low 2-ocean return forecast based on the Japanese high seas sampling occurs in 
1984, the Kvi chak wi 11 have a return 1 ower than the peak year escapement goal. 

Na kne k 

The observed return per spawner since the 1970 brood year has ranged from 1.79 
to  6.01. There does n o t  appear to be any decreasing trend in return per spawner 
over time in the Naknek system. There i s  a s l ight  depression in R/S a t  high 
escapements. The escapements in 1978, 1979 were moderate, whi l e  the escapement 
in 1980 was large (2.6 mi 11 ion).  The assumed R/S for  these escapements were 5.01 , 
4.03, and 1.92, respectively. These were based on simple linear regression of 
R/S against escapements for the 1970-1978 brood years. 

4,, 5,, and 6,: 

The forecast based on R/S and  that based on the return of sibling age classes 
were very consistent for each of these age classes. The final forecasts of 0.6 
million 4,s, 0.9 million 5,s, and 1.1 million 6,s were simple averages of the 
forecasts made based on these two methods. 

There was inconsistency in the forecasts based on R/S ( 1 . 1  mill ion) and the 
forecast based on the large return of 4,s in 1983 (4.0 mill ion).  The final 
forecast ( 2 . 6  mi 11 ion) was an average of these two numbers. Thi s inconsistency, 
however, points t o  a key area t o  watch in the Naknek in 1984. 

A smol t enumeration project using sonar smol t counters developed from the long 
term projects that  have been in place on the Kvichak and Wood Rivers was ini-  
t ia ted on the Naknek in 1982. Because of the novel nature of the project the 
derived estimates cannot be considered rel iable .  However, 116 million one-check 
and 13 million two-check smolts were enumerated in 1982. These estimates suggest 
that the production from the large 1980 escapement was good and may indicate a 
larger return of 4,s in 1984 than forecast. 



Egegi k 

Observed R/S s ince  the 1969 brood year  have ranged from 1.34 to  9.87. There 
was a c l e a r  decrease in R/S with increasing escapement 1969-1977. However, 
the projected r e tu rns  based on the  l imi ted  re turns  t o  date from the 1978 and 
1979 brood years  were g rea te r  than 10. The high re turns  p?r spawner have 
occurred f o r  r e l a t i v e l y  l a rge  escapements of .89 and 1.06 mi l l ion  f i s h  f o r  
1978 and 1979, respect ive ly .  The assumed R/S f o r  the 1979 and 1980 brood years  
were estimated by a regression of R/S aga ins t  S f o r  the  years  1969-1970. These 
values were 10.43, 4.81, and 4.73 f o r  the  1978, 1979, and 1980 brood yea r s ,  
respect ive ly .  The assumed R/S f o r  1978 was projected from the re turns  t o  da te .  

4,, 5,, and 6,: 

The fo recas t  r e tu rns  in 1984 based on R/S and re turns  of s i b l i n g  age c l a s s e s  
in 1983 were very cons is tent  f o r  these  age c l a s ses .  The f i n a l  fo recas t s  of 0.35 
mil l ion 4,s, 1 . 9  mi l l ion  5,s, and 2.8 mi l l ion  6,s were averages of these  two 
fo recas t s .  

There was inconsistency in the  fo recas t  based on R/S (0.54 mill  ion)  and the  
fo recas t  based on the  r e tu rn  of 4,s in 1983 (1 .4  mill  i o n ) .  The f i n a l  (0.97 
mi 11 ion)  fo recas t  was an average of these two f o r e c a s t s ,  b u t  the inconsistency 
points  to  an area t o  watch c lose ly  in  1984. 

As with the  Naknek system, a sonar smolt counting projec t  was i n i t i a t e d  in 1982. 
The est imates of the  1982 smolt outmigration derived from t h i s  pro jec t  cannot 
y e t  be considered r e l i a b l e ,  due t o  the  novel nature of the p ro jec t .  However, 
49.5 mi l l ion  one-check smolts and 14.3 mi l l ion  two-check smolts were enumerated. 
Hi s to r i ca l ly ,  Egegik has produced a much higher proportion of 3-year freshwater 
age f i s h  (81.2%) than 2-year freshwater  age f i s h .  Therefore, the r e l a t i v e  mag- 
ni tudes of 4,s and 5,s in the forecasted re turn  in 1984 i s  incons is tent  with the  
freshwater age composition f o r  the  1982 smolt outmigration. I f  the  age composi- 
t i on  of the  1982 Egegik smolt outmigration i s  co r rec t  then t h e  re turn  of 4,s wi l l  
l i k e l y  be much higher than fo recas t  and the  re turn  of 5,s in 1984 wi l l  probably 
be much lower than fo recas t .  

Ugas hi k 

The R/S has been very high in  the  Ugashik system in recent  years .  The R/S f o r  
the  1974-1978 brood years have ranged from 9.12-22.30. Escapements have been 
low through t h a t  period, ranging from 0.062 t o  .430 mi l l ion .  Escapements f o r  
the 1979 and 1980 brood years  were 1.7 and 3.3 mi l l ion ,  respect ive ly .  Based on 
the  l imited re turns  of the 4, age c l a s s  in 1983 and the h i s t o r i c a l  average pro- 
portion of 4,s in the  r e tu rns ,  the  R/S from the la rge  1979 escapement i s  3.2. 
Although high r e l a t i v e  t o  other  Br is to l  Bay r i v e r  systems t h i s  i s  a dramatic 
decrease in R/S r e l a t i v e  t o  e a r l i e r  brood years  in  the  Ugashik system. The R/S 
used t o  pro jec t  re turns  from the 1979 and 1980 escapements was based on a regres-  
s ion of the  logarithm of R / S  aga ins t  S f o r  the  years  1974 through 1979. Note 
t h a t  the  projected R/S from the  1979 brood based on l imited re turns  t o  da te  was 
used in  the regression.  The values f o r  R/S estimated f o r  1979 and 1980 were 
3.29 and 0.68, respect ive ly .  



The forecasted returns in 1984 based on the method of R/S and returns frori sibling 
age classes in 1983 were very consistent for  these age classes. The fina' fore- 
casts of 0.39 million 4,s, 1.18 million 5,s, and 0.25 million 6,s were averages 
of the forecasts based on these two methods. 

There was inconsistency in the forecast based on R/S (2.45 mil l ion)  and the fore- 
cast  based on return of 4,s in 1983 (0.51 mill ion).  The final forecast (1.48 
million) was an average of these two methods. This inconsistency points t o  a 
key area t o  watch in 1983. 

The f i r s t  returns from the record level escapement in 1980 will occur in 1984. 
A low R/S to project returns was assumed for  th is  large parent escapement based 
on the apparent decline in R/S from the 1979 brood year. This decline was es t i -  
mated from an estimate of the proportion of 4,s which has been quite variable 
in the past. The return of 4,s in 1983 was 2.8 million was the major component 
in the largest run t o  Ugashik since 1960. A smolt project using sonar smol t 
counters was ini t ia ted in 1983. There was a surprisingly large outmigration of 
three-year-old smolts from the large 1980 escapement. Preliminary estimates are 
in the neighborhood of 50 million 2-check smolts produced. This indicates good 
survival from the 1980 escapement, with perhaps less  depression of R/S due t o  
high spawner density than was assumed to project 1984 returns. There i s  a poten- 
t i a l  for  a larger return t o  Ugashik t h a n  forecast. The forecast of 4 and 5-year- 
old returns t o  Ugashik i s  weak and returns of these age classes should be closely 
monitored in 1984. 

Wood River 

Observed R/S from the 1970-1977 brood years have ranged from 1.49-6.49. The 
projected returns for the 1978 and 1979 brood years based on returns t o  date 
were 1.33 and 3.96, respectively. These data show a clear depression in R/S 
a t  high escapements. The escapements in 1978 and 1980 were the second largest 
and largest escapements since escapement enumeration began in the f i f t i e s .  The 
natural logarithm of R/S was regressed against escapement for the 1970-1978 
brood years t o  estimate R/S for the 1980 brood year, giving a value of 1.46 for 
the projected R/S for the 1980 brood year. The projected R/S based on returns 
to  date was assumed for  the 1978 and 1979 brood years. 

The forecasts based on R/S, the return of sibling age classes in 1983, and on 
smolt data were very consistent. The final forecasts of 1.35 million 4,s, 0.48 
million 5,s, 2.49 million 5,s, and 0.26 million 6,s are averages of the fore- 
casts based on these three methods. 

Iaushi k 

Observed R/S from the 1970-1977 brood years have ranged from 0.90-15.96. The 
projected R/S for  the 1978 and 1979 brood years based on returns to date were 
0.83 and 1.86, respectively. There i s  an almost precipitous decrease in R/S 
with increasing escapements in the Igushik system. The low R/S observed based 



on returns t o  date fo r  1978 and 1979 a re  consistent  with t h i s  pat tern .  The 
escapements in 1978-1980 were 0.54, 0.86, and 1.99 mil l ion,  respectively.  The 
1980 escapement was a record escapement to  date.  Except f o r  1979 ( the  estimated 
R/S based on returns of 4,s in 1983) the observed R/S f o r  escapements over .5 
million have been l ess  than 1 and averaged 0.8. That value was used to  project  
returns from the 1980 brood. The estimated R/S based on the limited returns to  
date was used fo r  the R/S f o r  the 1978 and 1979 broods. 

4, and 5,: 

The Igushik system produces almost no jacks, consequently the method based on 
return of jacks was not available t o  forecas t  re turns  of 4,s and 5,s. The fore- 
cas t s  based on R/S fo r  4, and 5, were 0.35 and 0.18 mil l ion,  respectively.  

5, and 6,: 

The forecas t  based on R/S and returns from s ibl ing age classes in 1983 was very 
consistent  f o r  these age c lasses .  The f ina l  forecas t  of 0.86 mill ion 5,s and 
0.52 million 6,s was an average of the forecas ts  based on these two methods. 

Nuya ku k 

Observed R/S from the 1970-1977 brood years have ranged from 2.34 t o  17.74. The 
projected R/S from the 1978 and 1979 brood years based on returns t o  date a re  
2.10 and 5.39, respectively.  These were used to  forecas t  returns from these 
brood years. There i s  a s l i g h t  decreasing trend in  R/S with increasing escape- 
ment. The parent escapement in 1980 was 3.0 million and great ly  exceeded the 
previous record escapement (0.67 mil l i on )  in 1975. There i s  no basis f o r  pro- 
ject ing re turns  fo r  an escapement of t h i s  magnitude based on returns from the 
past .  A gues (R/S = 1 )  was used t o  project  returns from the 1980 escapement. 
Fortunately the dominant age c lass  in the Nuyakuk returns i s  5, and wil l  not 
return unt i l  1985. The e r ro r  in forecast ing returns of 4,s in 1984 wil l  not be 
s ign i f i can t  r e l a t i ve  to  the to ta l  return t o  Nuyakuk. The forecas t  returns of 4,, 
5,, and 6, were 0.56, 0.08, and 0.042 mill ion.  The forecas t  of 4, and 5, were 
based on R/S while the forecas t  of 6, was an average of the forecas ts  based on 
R/S and the return of 5,s in 1983. 

The forecas t  return of 5,s was 2.0 mill ion and was an average of the forecas t  
based on R/S (1.1 mi 11 ion) and the forecas t  based on the large return of 4,s 
in 1983 (2.9 mil l ion) .  This inconsistency points t o  another key area t o  watch 
i n  1984. 

Togi ak 

Observed returns per spawner from the 1968-1977 brood years have ranged from 
1.77-6.61. The projected returns from the 1978 and 1979 brood years based on 
returns to date  were 2.58 and 5.64, respectively.  There i s  a s l i gh t  decreasing 
trend in R/S with increasing escapement. The natural logarithm of R/S was 
regressed against  S t o  estimate R/S f o r  the 1979 and 1980 brood years,  giving 
an estimated R/S of 3.79 and 1.71, respectively.  Togiak produces very few jacks 
(both 3, and 4 , ) ,  consequently forecas ts  based on t h e i r  return were not avai lable .  
The forecas ts  f o r  the returns of 4,, 5,, 5,, and 6-3 were made based on R/S or  an 



average o f  t h e  f o r e c a s t  based on R/S and r e t u r n s  o f  s i b l i n g  age c lasses  i n  t h e  
case o f  5, and 6,. Those f o recas t s  f o r  r e t u r n s  i n  1984 ( m i l l i o n s  o f  f i s h )  were 
0.20, 0.07, 0.45, and 0.06 f o r  4,, 5,, 5,, and 6,, r e s p e c t i v e l y .  

SUMMARY AND CONCLUSIONS 

The fo recas ts  f o r  t h e  1984 r e t u r n  o f  sockeye salmon t o  B r i s t o l  Bay made w i t h  
t he  a v a i l a b l e  methods d e t a i l e d  above ranged from 11.2 t o  53.4 m i l l i o n  (Tab le  
10) .  A  pooled f o r e c a s t  making use o f  a l l  o f  t h i s  i n f o r m a t i o n  was c a l c u l a t e d  
f rom the  average o f  t h e  a v a i l a b l e  f o recas t s  weighted by t h e  i nve rse  o f  t h e  
va r iance  ( t h e  s tandard d e v i a t i o n  squared).  I n  t h i s  f o recas t ,  t h e  two a v a i l a b l e  
h i gh  seas f o recas t s  were combined i n t o  one f o recas t .  The pooled f o r e c a s t  o f  
t h e  t o t a l  r un  t 9  B r i s t o l  Bay i n  1984 i s  31.1 m i l l i o n .  

Forecasts  by ma jo r  age c l a s s  were a v a i l a b l e  f o r  f o u r  o f  t h e  a v a i l a b l e  fo recas ts  
(Table 11 ) .  The major  d i f f e r e n c e  between t h e  s tandard ADF&G and t h e  r e t u r n  
from s i b l i n g  age c lasses  was t h e  r e l a t i v e l y  low 4, component due t o  t h e  low 
Bay-wide r e t u r n  o f  3, j acks  i n  1983. The h i g h  seas f o r e c a s t  i s  much lower  than  
e i t h e r  the  s tandard ADF&G o r  t he  r e t u r n  o f  s i b l i n g  age c lasses.  The h i g h  seas 
fo recas t  i s  dominated by 3-ocean re tu rns ;  however, i t  i s  much lower  than t he  
o the r  two f o recas t s .  P a r t i c u l a r l y  b leak  a r e  t h e  2-ocean r e t u r n s  i n  t he  h i g h  
seas f o recas t ,  w i t h  4,s be ing  rough l y  one - f ou r t h  as abundant as 5,s. 

The va r i ous  p ieces  o f  i n f o r m a t i o n  used t o  generate  these a v a i l a b l e  f o r e c a s t s  
(Table  10) i n  t he  ch rono log i ca l  o rder  o f  t h e i r  a v a i l a b i l i t y  s t a r t i n g  from t h e  
l e a s t  r ecen t  t o  t h e  most r ecen t  a re :  pa ren t  escapement, smo l t  ou tm ig ra t i on  
est imates,  r e t u r n s  f rom s i b l i n g  age c lasses,  and t h e  l e n g t h  and CPUE of immature 
sockeye salmon i n  t h e  Japanese h i gh  seas g i l l  n e t  sampling. I n  general  t h e  r lore 
r ecen t  t h e  i n f o r m a t i o n  t h e  lower  t h e  r e t u r n  f o r e c a s t  based on t h a t  i n f o rma t i on .  
I n  v iew o f  t h i s  p a t t e r n  and t h e  f a c t  t h a t  t h e  s tandard pooled f o r e c a s t  was used 
as t h e  f o r e c a s t  t o  p resen t  t o  t h e  i n d u s t r y ,  t h e  pooled f o r e c a s t  was a l l o c a t e d  t o  
age c l a s s  and r i v e r  system based on t h e  f o l l o w i n g .  The f o r e c a s t  t o  t h e  Kvichak 
was taken t o  be t h a t  f rom t h e  s tandard ADF&G method. I t  was f e l t  t h a t  more 
r e c e n t  i n f o r m a t i o n  was cons idered i n  t h a t  f o recas t ,  s i nce  many f o r e c a s t s  based 
on r e t u r n  per  spawner were dropped i n  v iew o f  apparent c y c l e  changes t o  t he  
Kvichak. The d i f f e r e n c e  between t h e  Kvichak f o r e c a s t  and the pooled t o t a l  Bay 
fo recas t  was a l l o c a t e d  t o  t h e  remain ing age c lasses  and r i v e r  systems by r e l a -  
t i v e  abundance i n  t h e  s tandard ADF&G f o r e c a s t  (Tab le  12 ) .  Un fo r t una te l y ,  if 
t h e  ac tua l  r e t u r n s  i n  1984 a re  s i g n i f i c a n t l y  lower  than t h e  s tandard ADF&G f o r e -  
c a s t  of 41.5 m i l l i o n ,  t he  age and r i ve r - sys tem composi t ion o f  t h e  lower  r e t u r n  
w i l l  be ve r y  d i f f e r e n t  f rom t h e  pooled f o r e c a s t  a l l o c a t e d  t o  age c l a s s  and r i v e r  
system based on t he  above method. 

Th i s  i s  n o t  an i d e a l  template  f rom which t o  s e t  e a r l y  management dec is ions  i n  
1984 and analyze anomalous age composi t ion and r i v e r  system r u n  s t r eng ths  t h a t  
emerge i n  1984. For t h i  s  reason t h e  synopsis o f  key areas t o  watch i n  1984 a re  
couched r e l a t i v e  t o  t h e  s tandard ADF&G f o r e c a s t  (Table  13 ) .  

I n  genera l ,  based on t h e  h i g h  sea ' s  data,  a  lower  r e t u r n  o f  3-ocean f i s h  t han  
t h a t  fo recas ted  by the  s tandard ADF&G methods i s  expected. The h i gh  seas 
f o r e c a s t  o f  t he  2-ocean r e t u r n  needs t o  be c l a r i f i e d .  Don Rogers (personal  



Table  10.  Summary of a v a i l a b l e  f o r e c a s t s  of t h e  1984 r e t u r n  o f  sockeye salmon 
t o  B r i s t o l  Bay. 

Standard Confidence 
Forecas t  Methods Forecas t  Deviat ion L imi t s  

Escapement Temperature 
Model 53.4 9.1 

Standard ADF&G 41.5 1 1 . 8  21.6 - 53.6 

Temperature Length 
o f  2-Ocean Fish  

Bay-wide Return l 
from Sib1 ing  Age C l a s s  31 . O  11.1 

Japanese  G i l l  Net l 
Sampl ing Geometric Mean 14.4 8 . 9  

Japanese  G i l l  Net l 
Ari thmet ic  Mean 11.2 9 .0  

Pooled Es t imate2  31 . I 3 9  10 .2  17.6  - 44.6 
- 

l Age composit ion a v a i l a b l e .  

The pooled e s t i m a t e  i s  the average o f  t h e  ind iv idua l  e s t i m a t e s  weighted by 
t h e  i n v e r s e  o f  t h e  s t a n d a r d  d e v i a t i o n  squared.  



Table 11.  To ta l  1984 B r i s t o l  Bay sockeye f o r e c a s t  by major age c l a s s  f o r  each of t h e  
a l t e r n a t i v e  f o r e c a s t  methods. 

F o r e c a s t  Tota l  Total  
Techniques 4 2 53 2-Ocean 5 2 63 2-Ocean Total  

Standard ADF&G # (Thousands) 10,169 12,521 22,690 13,788 5,031 18,826 41,514 
Percen t  24.5 30.2 54.7 33.2 12.1 45.3  

Bay-wide Return # (Thousands) 3,698 10,425 14,123 15,472 1 ,448 16,920 31,043 
From Sib1 ing  Percen t  11.9 33.6 45.5 49.8 4.7 54.5 
Age Classes  

Japanese  # (Thousands) 622 1 ,918  2,540 6,326 2,290 8 ,618 11,158 
CPUE P e r c e n t  5.6 17 .2  22.8  56.7 20.5 72.0 
A r i t h m e t i c  Mean 

Japanese  # ( T h o u s a n d s )  1,250 3,853 5,103 6,796 2,463 9,259 14,362 
C P U E  Percen t  8 .7  26.8 35.5 47.3 17.2 64.5 
Geometric Mean 



Tab le  12. Poo led 1984 B r i s t o l  Bay sockeye salmon f o r e c a s t ,  a l l o c a t e d  t o  age c l a s s  
and r i v e r  system. 

Number o f  F i s h  i n  Thousands 
Age C lass  (Brood Year) Age C lass  (Brood Year)  

Di s t r i  c t /Sys  tem 4, (1980) 5, (1979) 5, (1979) 6, (1978) T o t a l  

Naknek-Kvi chak D i s t r i c t  
Kv ichak R i v e r  6,041 7,314 2,982 367 16,704 
Branch R i v e r  122 5 8 92 3 1 305 
Naknek R i v e r  346 520 1,482 634 2,982 

T o t a l  6,509 7,892 4,558 1,032 19,991 

Egegi k D i s t r i c t  206 1,115 566 1,654 3,541 

Ugashik D i s t r i c t  229 858 684 145 1,916 

Nushagak D i s t r i c t  
Wood R i v e r  787 280 1,449 150 2,666 
I g u s h i  k R i v e r  202 107 498 30 837 
Nuyakuk R i v e r  327 4 7 1,162 24 1,560 
Nushagak-Mulchatna 512 3 82 1 6  152 
Snake R i v e r  13 1 2 1 17 

T o t a l  1 ,380 4 38 3,193 221 5,232 

Tog iak  % s t r i c t  118 39 264 3 2 453 

T o t a l  B r i s t o l  Bay1 8,442 10,342 9,265 3,084 31,133 

Sockeye salmon o f  s e v e r a l  m i n o r  age c l a s s e s  a r e  expected t o  c o n t r i b u t e  a n  a d d i t i o n a l  
1 -2  p e r c e n t  t o  t h e  t o t a l  r e t u r n .  

I n c l u d e s  t h e  4l age c l a s s .  



Table  13. Key areas t o  watch i n  1984 where f o r e c a s t  i s  1  i k e l y  t o  be i n  e r r o r .  
Synopsis summarizing i n c o n s i s t e n c i e s  among f o r e c a s t  techn iques.  

Age 
Sys tem Class 

Kv ichak 4  2 

Naknek 

Egegi k  

Ugashi k  

wood 4, 

Nuyakuk 52 

Possi  b l e  
Fo recas t  Depar ture  

( M i l l  i o n s )  Synopsi s  From Forecas t  

6.0 H igh R/S, h i g h  smo l t ,  low r e t u r n  o f  Lower 
3,, l ow  4, component i n  h i g h  seas Re tu rn  
f o r e c a s t .  

3 .0  Low smo l t ,  l a r g e  r e t u r n  o f  4, i n  1983, Lower 
Kv ichak 5, r e t u r n s  o f  t h i s  magni tude Return  
have o c c u r r e d  o n l y  i n  1957 and 1961 
f o l l o w i n g  t h e  1956 and 1960 c y c l e  
y e a r  r e t u r n s  o f  4, l ow  3-ocean h i g h  
seas f o r e c a s t .  

0.6 P o s s i b l e  l a r g e  1-check smol t ou tm ig ra -  H igher  
t i o n  i n  1982. Re tu rn  

2.6 Low R/S, heavy 4, r e t u r n  i n  1983, low Lower 
3-ocean h i g h  seas f o r e c a s t .  Return  

1.1 Low 3-ocean h i g h  seas f o r e c a s t .  Lower 
Return  

0.4 P o s s i b l e  l a r g e  r e t u r n  1-check s m o l t  H igher  
o u t m i g r a t i o n  i n  1982. Re tu rn  

1  . O  Low R/S, l a r g e  o f  4, i n  1983, l ow  Lower 
3-ocean h i g h  seas f o r e c a s t .  Re tu rn  

2.8 Record r e t u r n  o f  5, i n  1983, low Lower 
3-ocean h i g h  seas f o r e c a s t .  Return  

0.4 Low R / S  assumed f o r  1980 escapement, H i g h e r  
moderate r e t u r n  o f  3,. Re tu rn  

1.5 H igher  R/S, l o w  r e t u r n  o f  4,. U  I known 

1.2 Low 3-ocean h i g h  seas f o r e c a s t  L3wer 
Re tu rn  

1.4 Low 4, component i n  h i g h  seas 
f o r e c a s t .  

Lower 
Re tu rn  

2.6 Low 3-ocean h i g h  seas f o r e c a s t .  Lower 
Return  

2.0 Low R/S l a r g e  r e t u r n  o f  4, i n  1983, Lower 
low 3-ocean h i g h  seas f o r e c a s t .  Re tu rn  



communication, Fisheries Research Ins t i tu te ,  University of Washington, Seattle,  
WA 98195) feels that the Japanese were a l i t t l e  further offshore (south) than 
they normally sample. Rogers feels ,  based on the historical Adak sampling, 
that 1-ocean immature f i sh  would be under-represented in the catches. If th i s  
were the case then the 2-ocean return should be more indicative other forecasts. 
Rogers fee ls  that the 2-ocean immature sockeye were adequately sampled, and there 
i s  cause for concern in the low high sea ' s  forecast 3-ocean returns. 

The pattern of temperatures reported by the Japanese and supplemented by FRI 
observers on Russian fishing vessels in that area were very anomalous during 
the summer of 1983. Temperatures tended t o  decline as one moved offshore south 
of the Aleutians. Temperatures offshore were 5" below normal. This i s  cause 
for concern, as returns appear t o  have been depressed in the past by low temper- 
ature. Alternatively the distribution of immature sockeye may have changed in 
response to  these temperature anomalies, in which case the C P U E  reported by the 
Japanese may not be indicative of abundance. 

The age composition of the 2-ocean returns based on the return of sibling age 
classes,  and the age composition of the 1-ocean immatures caught in the Japanese 
high seas sampling indicate that returns of 4,s may be depressed relat ive t o  the 
standard ADF&G forecast. This i s  a cause for  concern since a relatively large 
return of 4,s to the Kvichak i s  expected based on smolt studies. If t h i s  occurs 
there will be d i f f icu l t ies  in 1985 meeting the peak-year escapement goal. 
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